PQV;£R SEMICONDUCTOR KLKKEKT WITH A:^ EMITTER REGION 

a:ct a stop zone in front of the emitter region 
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Crc'SS - Re f e ren::e to F.elated App 1 1 ::ac iC'n : 

This ar pO 1 :: at ^C'li is a r ont i nua 1 1 c^n of ::cp>ending International 

Apolieation No\ P IT/ I'E 9 F / 1 2 0 S 2 , filed Only 5, 19.99, which 
\ 

\ 

designated the ynite:! States. 

Baskqrcund the In\^enti':n : 

Field of the Irivenzicn : 
The mvenrii'n relates tC' a p'C'vyer semi cc ndu rt or element with an 
emitter region, m f I'C'nt f whicn a stsp' zone is rnss i t ic-ned , 
wherein the oonduot i vi t i es cT one emitter region and cf tne 
stcpi zcne are C'ppose:: zo r^ne ^incther. 


In as'/':::r:e t r 1 z thyristirs, a i ed'^n t I'O.. i.. the t-.ioKn^-;s^ '_'i cne 
oomp'snent relative z :.' symmetric thyrisrc-rs is acci'mpl i shed by 
^:C'Sit leaning an n step' zciie m frc^nt s-f the p- emitter cn tne 
anode side. The n-stO'p zone is mteniei to p^revent the passage 
cf tne electriz field ti> the p-emitter, at reve:rse voltage. In 
':his wa\y tne reverse zme r::akes possirOe a consider able 
reduction m the total loss ot the pcwer senii c on<du ct or , 
particularly when using highly blocking m.emibier such as IGBTs 



k V a n d v;hc s e n^. r e than 50 0 u":^. zhi z kne ss zs relaci ve 1 y large. 

Tne hiaher tne stC'p; zi-ne in fronti c^f ar. e'i:itt:er on the =inc)de 
5 3iie m a tnyrisrc^r is dc-pea, me less che p^arci^l transi3::er 
aT.p 1 1 f 1 r at iC'n factc:r (X.^,.^ will be. Although th.is entails on the 
one hand an inrrease m the achievable sweep- voltage i^f the 
thyristir at whioh the transit! m from the t-licking 
charaiterist 1 :: line ti' the flow ihara rt er i s t i o line takes 
10 place, c-n the cither hand the conduct lo^n vcdtage also increases 
and with it, the static power IC'SS. The stati:: and dynamic 
losses C'f the thyristc^r are therefo^re courded with ome another 
via the cha ract e r 1 s 1 1 ::s C'f the stO'p zc-ne . 

15 Summary of the Invention : 

The C'bject cf the present invent ic-n is to p^rO'Vide a pC'Wer 
semicciiductc r component with an emitter regio^n anil a stop zone 
in f^r~'n^ of the o-mittor regio^n wiiioh <_>vei"i-0'mes tne aoO've - no t ed 
defiiieniies and disadvantages c-f the pric-r art devices and 

20 methc'ds of this general kind, and m which the static as well 
as the dynam.ic loss are less than that with cc-mponents 
acc(crding tc the prior art . 
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V;ith the above arid ccr.er cbjects 2:2 V2ev; cnere is pri^vided, 1:1 
a 2 2 1? r da nee v/ith t:he ire/entice, a eov;ei' serr^.i ecndacecr elerr.er.2, 
2 2Tir;ri s 2 ng : 

an e2-i2ter region; 

5 a stop Z2ne m fro)nc :>f the emitter region; 

the emitter region ani the stop zone navmg mutually :>pposite 
2 2 ndu 2 1 1 V 1 1 1 e s ; 

the stop zone having foreign atc>ms with at least one energy 
level within the o-and gap of the semi 2 onduo t o-r and at least 
10 22O meV away fr2'm a 20>nductic>n band and a valence b-and o^f the 
senii 2 2)ndu 2 1 or . 


The invention is based on the p'rinciple that the stc-p- Z'One 
needs tC' l-e 'haotive'' o-nly m the o-ff state of the cirouit 

15 element, b'Ut net during its O0'ndu2ting op-eration. In either 

Wi2rds, the number c;f effective dor^mg atc^ms generated by the 
disrupt lO'n m the stor zo>ne snc'uld char.qe dependent or. the 
tyr^e c-f op-eraticn (blo-cking op^eration c-r 2onducting C'peratic>n) 
of the circuit element. This is a2hieved m that energy levels 

20 are created by the doping atom.s which, within the band gap C'f 
the semi tonduc t o r m.aterial, lie far away from the energy 
levels C'f the c^c^nduc t ance band and the valen2e band. 
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"he pDVjer sem c :.;ndu2:cor elen:eni: accDrding t d me invent ii-n 


cne e:::it2er reoicn arm 


z c; n e 


laucr: i vi le^^ 


incitner, is 


le r:;reign aCD-r.s 1:1 2.ne st:)p zone nave 
at least :>ne energy level wni 2h li^'S witnm tne band gac' of 
che seiTiio 2'niuot or , and whicn is at. least 2 0-: :iieV away fr:ai the 
3:ondu::tion ioand and tne valen^-e band if tne semiciiiduct i^r . 


;oncomicant teature of the mventic-n, the 
foreign atims m che stiip zi-ne are sulfur or selenium atoms. 


An advantage of the power sem 1 1 r^ndu 1^ 'ir with a step-zone (ioped 
with sulfur is that the diffusii^n oonstant C'f the sulfur atoms 
15 13 very high and tnerefi're the step' zc^ne oan be easily 
generated . 


'Jther features whiirn are oonsidert 


ai 


. rac t e r 1 , 


fir th^; 


invent 1' 


.a r e s t f o i' * 


ppended 


. imi 


Althougn me invent liin is illustrated and desoriir-ed herein as 
emboiiied m a piiwer semi louiiuotC'r element with an emitter 
region, m front of whisn a stop- zone is xz^is 1 1 1 oned , it is 
nevertheless not intended to be li muted to the details shc-wn, 
since various mLodi f ioat ic-ns and structural changes may be made 
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.herein v;it::out deDartma froT. the spirit C'f the invention and 
;iihin the scene and ranae of equivalents C'f the claims. 


The const ruci lo^n and metnod o^f operation o^f one invention, 
5 however, together with additional O'bieots and advantages 

tnerec'f will t^e o^est understood from the fodlo'wmg description 
o^f specific emtC'diments when read m conneitii^n witn the 
accO'mp any ing drawings . 


Fig. 1 is a partial sectional view of an embo-aiment of the 
^■itwer semiccrjdu It cr according t :■ the invent icri with a stO'p- 
zi^ne I'n the ani'de side; and 

15 Fig- ^ IS 3. gi-aC'O shO'wmg the i : nee nt rat i co. of the doping 
material of t ne rimp'i'nent ac2o>rding to Fig. 1. 

E:-e3 2 rn O't ion i^f t ne F'referred FmiC C'd i ment s : 

F_eferiung niw ri the figures z-f tne drawling m detail and 
20 first, part : tul arly , 1 2= Fig. 1 iher-eof, there is seen a part 
of a p)C>wer semi 2ondu2t 2)r element m the form of a thyristor. 
The t hy r i s t j r c imL;^::- rises a s e mL i 2 1 nd u c t o r 1 wh i c h ^ i n the 
emLbidim.ent shown, is weakly n-iiped, and whish functions as an 
n -basis. A p-basis 2 is connected to the n -basis 1, o^n the 
25 surface of which o- basis an n" -- erii t t€:^r structure 3 on the 
cathode side is arranged with tathode short sircuits 4 . 
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uhe side cf nhe n i:)asi3 1 opp2)3it:e the p-basis 2, a p- 
emirter 5 is located c=n the anede side. As is kn2'wn m the 
pric-r art, t.ee p-etiitter t is shielded by a stop zt'-oe 6 at 
5 reverse voltage r roit tne p^asssae the field. Toe stop zone 6 

13 o- doped. Ph<tst)horoos c-r arse 010 is usoii as the doping agent 
in the piric:r art. 

Eoth emitters 3 and z are elestrioally cc^nneoted via 
10 metal 1 i zat it'Oo 7 witn an external ano'de oc-nnect ie-n o-r oathode 
o trine ot ie-n . 

AtOftrdinQ tc the invent ic-n, the stc-p-ztme 6 is dipped with a 
dt.pant the energy levels c^f whith in the r^and gap* lie far, 
15 i.e. at least 2 01 meV, away frem the ttalenoe band cr 

ot^nduoticn rand. In aaditic-n tt other attms, sulfur atoms in 
partitular represent suitable dopung •n^'er.r s smte these are 
partie.lly e 1 est r 1 o-a 1 ly aotive at rct'm t etip-e r at ure . 

20 Ht^wever, if the sulfur do-p-ed regic^n is surrcii^nded hy a spase 
tnarge regitii, these sulfur atc-ms t'estme ttm.pletely active as 
d:>uble donators, i.e. donatou^s witn twt r'eleased cnarge 
sarr-iers, s :^ that a sulfur atom is di'uoly tharged. The energy 
levels if sulfur lie so lc>w m the silistn band qap that they 

2 5 ai"e only stm.pletely elestrisally a st located upon establishing a 
spase charge region: One sulfur energy level lies 2 60 meV 
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Delcv; the 2:c:2duc 1 1 cn ba::d i:: S2I220::, and a 3ecor:d energy 
level lies 43 D T.eV ab2;ve the valence t:and . Tne silicon nana 
gap IS 112 J meV . This therefc^re means rhat on tne one hand, 
cne stop zone is c^nly parviaily electrically active m the cn- 
5 state; tne p^artial transistor amplification factor u.. . is 

tnerefc^re dep'ressed c^nly relatively little and the cn state 
vC'ltage can tnerer:'y ne Kept Ic'W. The part of the step zcvne in 
the cT £ voltage cciidition surrounded t-v the sp^ace cnarge 
regic-n can cn the <:>rher hanid z^e ccmpletely activated, which 
in therefcri results lu a very ettective scop- zone. Therefo.re, 

the ctrrelaticn between c^n- state vc:Ttage and cff state voltage 
is imp rc'ved . 

A further emt'cdiment of the i:>c>wer sem.i conduc tc r element 
15 actordmg t<c the invent rcn has seleniumL as the dcpang 

mtateriai. Selenium has twC' energy levels within the band gap 
in Si lying at'C'Ut 311 meV and 590 meV be hew the conduct icn 

20 Tne di'Cing p^rifile of tne cir-cuit element atcc^rdmg tc* Fig. 1 
IS represented m Fig. 2. l^ne emitter 3 c^n tne cathc-de side 
shown at f-.r left m Fig. 2 is n* -doped. Ccnnected hereto m 
the fcllcwmg 2>rder are tne p-basis 2, the n -basis 1, the stop 
zc-ne G, and the p emitter 5. In the step zcne 6 generated by 

25 trie atoms cf the doping agent, twc doping gradients are shown, 
indicated as & and 9, resp^e c 1 1 vely . The gradient 9 is 

-7- 
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represented as a doiced line. Whereas che doping gradient: 8 of 
tne snip zme 6 assumes a gradienn m the area zt the spase 
snarge regisn whisn, seen fri'n the n -basis 1, rises steeply, 
tnereby preventing a t:assage oz tne field ti- the O'-ernitter 5, 
5 tne gradient sf tne dipping pr:::file 9 C)f the ston^ zo)ne 6 is 
flattened m the or. state voliage, i.e. the tharge tamers 
travel zmt if tne n -basis 1 to the p-emitter 5 'tr \^ise versa, 
wnerein they "perseive" a markedly weaker step' z ane £ . 

10 Tn the prtauotion -if a ^j'^'wei semi conduo tor , a stO)p-zone is 

generated r-efare the en:iitter regicin, ft-r example anode side 

imt:>lantat ii-n af ft-reign atoms, rolli'wmg the imp lanta t le^n of 
foreign ati-mis such as C'n-: stihc rt-us or arsenio, tne fo'reign 
atC'ms 0)r dtp mg atc-m^s fo>r gener.ating tne n-iioped stO)t-z:ne 6 

15 are diffused intt- he s i 1 i tO)n slioe and the orystal lattioe is 
annealed. I'c this end, tne semi 1 oo-nduot t^r is sub]eoted t ■:■ a 
temperature treatm.ent step, line temp-erature and the length of 
the treatmiont , detiend on the ohara 1 1 er 1 s 1 1 os ot the dcoinQ 
atC'ms and the semiociidu ttt r material. Due 1 1* the low 

20 diffusit'n rC'nstant of phc sph'trtius and arsenir m silioon, 
relatively high diffusion t emp^e r a t ure s and lo^ng 'diffusiO'n 
times must be ohc^sen m the temperature treatment step after 
imp'lant a 1 1011 , nam.ely t emp-erat ures af mo-re than 120 J^C and 
diffusio-n times c^f typi tally lo>nger than 2 0 hC'Urs . 


25 



An advantiage of sulfur as zne dc'pmg agent m the generation 
of the stop-zone 6 is that it diffuses relatively quickly into 
the silisc^n. This allo-ws the diffusion tirt.e and the 
te:rperature tc; be 'tarkedly reduoed. incc^rp Drat lo^n of the 
5 sulfur atc:rT;s oan take place by an ion implantation on tne 

anode side v;ith a subsequent driving- in step. Typ-ically, an 
imodant at 1 C)n dose of h'Otween 1 D and 10'"' sulfur atoms per cm" 
IS used. In this way, and m contrast to phosphC'rous as the 
dotung substance , sulfur results m a reduction of the 
10 voltage m on-si"-^"e op'Oration O'f approximately 10^ at a dose 
of approximately 5x10'"^ sulfur atoms per cm^ . 


The invention is described at'O-ve with reference to- a thyristor 
as a C'ower semiconduct o^r . Thc'se of skill m the art will 
15 readily understand, however, that the technical teaching 

disrlO'Sed herein can also be app^lied to other pc^wer circuit 
elem.ents such as IGMTs, and so- c^n . 


